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(57) ABSTRACT 

The present invention provides compounds of Formula (I) 
Wherein Q1, Q2, Q3, Q4, Y1, Y2, and Z are as de?ned in the 
description, and pharmaceutically acceptable salts thereof, 
and Cl-C8 alkyl esters thereof, Which are useful for the 
treatment of diseases responsive to the inhibition of the 
enzyme 15-lipoxygenase. Thus, the compounds of Formula 
(I) and their pharmaceuticalyl acceptable salts are useful for 
treating diseases With an in?ammatory component, includ 
ing atherosclerosis, diseases involving chemotaxis of mono 
cytes, in?ammation, stroke, coronary artery disease, asthma, 
arthritis, colorectal cancer, and psoriasis. 
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6,5-FUSED BICYCLIC HETEROCYCLES 

FIELD OF THE INVENTION 

[0001] The invention provides 6,5-fused bicyclic com 
pounds, pharmaceutical compositions thereof, and methods 
of making and using such compounds and compositions to 
inhibit the 15-lipoXygenase enZyme, and thus treat diseases 
With an in?ammatory component 

BACKGROUND OF THE INVENTION 

[0002] Hypercholesterolemia can induce monocytes to 
migrate into the arterial Wall and mature into foam cells or 
tissue macrophages that accumulate fatty material, including 
cholesterol esters. For example, continued creation of foam 
cells thickens the inner lining of medium and large arteries, 
thereby forming atherosclerotic plaques or lesions contain 
ing cholesterol, smooth muscle cells, and connective tissue 
cells. Affected arteries lose elasticity and become narroWed 
or obstructed by the plaques. These events are the hallmark 
of the disease atherosclerosis. Furthermore, atherosclerotic 
plaques may collect calcium, become brittle, and even 
rupture, triggering the formation of a blood clot or thrombus 
capable of occluding an artery and causing a stroke or a heart 
attack. In addition to atherosclerosis, hypercholesterolemia 
plays a role in peripheral vascular diseases of small arteries, 
veins, and lymphatics. Thus, hypercholesterolemia may also 
affect the arms, legs, kidneys, and other vital organs in 
addition to the heart and brain 

[0003] Cholesterol is transported in blood in particles 
called lipoproteins, such as loW-density lipoproteins. LoW 
density lipoproteins also contain polyunsaturated fatty acids 
and are necessary for foam cell formation. 

[0004] LipoXygenases are enZymes that catalyZe the oXi 
dation of polyunsaturated fatty acids and esters thereof, 
including those found in loW-density lipoproteins. For 
eXample, the enZyme 15-lipoXygenase (IS-LO) oXidiZes 
esteri?ed polyenoic fatty acids. 15-LO has been implicated 
in in?ammatory disorders and in the origin and recruitment 
of foam cells. In addition to modifying lipoproteins involved 
in the formation of foam cells, 15-LO also mediates an 
in?ammatory reaction in the atherosclerotic lesion. In 
human monocytes, 15-LO is induced by the cytokine IL-4. 

[0005] Inhibitors of 15-LO are therefore useful to prevent 
and treat diseases With an in?ammatory component such as 
asthma, psoriasis, osteoarthritis, rheumatoid arthritis, col 
orectal cancer, and atherosclerosis. For eXample, it has been 
shoWn that treatment With an inhibitor of 15-LO suppressed 
atherogenesis, or the production of atheroma, a fatty degen 
eration of the arterial Wall, in rabbits fed a high-fat diet 

[0006] An object of this invention is to provide neW 
6,5-fused heterocycles that are potent inhibitors of 15-LO, 
and are thus useful for the treatment of diseases and disor 
ders containing an in?ammatory component 

SUMMARY OF THE INVENTION 

[0007] The invention provides a compound of Formula I: 

(1) 
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[0008] Wherein: 

[0009] Q1, Q2, Q3, and Q4 are independently selected 
from CX and N, Wherein 1 or 2 of Q1, Q2, Q3, and 
Q4 are N; or each of Q1, Q2, Q3, and O4 is CH2 and 
there is a C—C double bond betWeen the carbon 
atoms bearing Q1 and Y1, and Q4 and Z, respectively, 
Wherein 

[0010] X is independently selected from H, halo, 
hydroXy, CF3, R1, ORl, CO2R1, NO2, NH2, and 
SR1, Wherein R1 is H or Cl-C4 alkyl; 

[0011] is absent or a double-bond optionally betWeen Y1 
and Y2 When Y1 and Y2 are independently CH or N or 
betWeen Y2 and Z When Y2 is CH or N and Z is CH; 

[0012] one of Y1 and Y2 is CH, N, NH, S, or O; and 
the other one of Y1 and Y2 is C—W—Ar, Wherein W 
is absent (in other Words, a covalent bond), O, S, 
NR2, so, 50,, co, CHOH, CH2, NRZCHZ, 
CH2NR2, NR2(CO), or (CO)NR2, Wherein R2 is H or 
Cl-C4 alkyl, 

[0013] Ar is a phenyl substituted at the 3- and 4-po 
sitions relative to W, With R3 and R4, respectively, 
Wherein 

[0014] R3 is selected from H, NHRa, halo, Cl-C4 
haloalkyl, COOH, —COO(C1-C6 alkyl), (phe 
nyl)C -C6 alkoXy, hydroXy, Cl-C6 alkoXy, —NH 
(CO)6C1-C6 alkyl), nitro, and Cl-C6 aminoalkyl, 
wherein R8 is H, Cl-C4 alkyl, C3-C8 cycloalkyl, 
phenyl, C2-C6 heteroaryl, benZyl, CH2-(C2-C6 het 
erocyclic radical), or —M—T, Wherein M is sul 
fonyl, SOZNRb, CONRb, CSNRb, or CSRb, 
Wherein Rb is H, Cl-C4 alkyl, or C2-C6 heterocy 
clic radical, and T is Cl-C18 alkyl, phenyl, or 
C3-C6 heterocyclic radical, and 

[0015] R4 is Cl-C2 alkoXy, Cl-C2 thioalkoXy, 
hydroXy, halo, or Cl-C4 alkyl; 

[0016] Z is NR5, S, O, C, or CH, Wherein R5 is H, 
[phenyl(C1-C4 alkyl)oXycarbonyl, (Cl-C4 alkyl)oXy 
carbonyl, (C3-C8 cycloalkyl)oXycarbonyl, (C3-C8 
cycloalkyl)-(C1-C4 alkyl)oXycarbonyl, or (C6-C1O 
aryl)oXycarbonyl; 

[0017] Wherein each hydrocarbyl or heterocyclic 
radical above is optionally substituted With 
betWeen 1 and 3 substituents independently 
selected from halo, Cl-C4 alkyl, C3-C6 cycloalkyl, 
Cl-C4 alkenyl, Cl-C4 alkynyl, phenyl, hydroXyl, 
amino, (amino)sulfonyl, N-acetyl, O-acetyl, Cl-C4 
thioalkyl, Cl-C4 alkoXy, COORG, Wherein R6 is H 
or Cl-C6 alkyl, SO3Na, SO3H, SO2NH2, cyano, 
CH2NH2, acetyl, di(C1-C4 alkyl)amino, and nitro, 

[0018] Wherein each substituent alkyl, cycloalkyl, 
alkenyl, alkynyl, or phenyl is in turn optionally 
substituted With betWeen 1 and 3 substituents 
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independently selected from halo, C1-C2 alkyl, 
hydroXyl, amino, and nitro; 

[0019] and pharmaceutically acceptable salts thereof; 
and C1-C8 alkyl esters thereof. 

[0020] Preferred is a compound of Formula I, and phar 
maceutically acceptable salts thereof, and C1-C8 alkyl esters 
thereof, Wherein Q4 is N. 

[0021] More preferred are compounds of Formula II 

[0022] Wherein X, R3, R4, and R5 are as de?ned above, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof. 

[0023] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q3 is N. 

[0024] More preferred are compounds of Formula III 

[0025] Wherein X, R3, R4, and R5 are as de?ned above, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof. 

[0026] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q2 is N. 

[0027] More preferred are compounds of Formula IV 

IV 

R3 

Xi \ \ R 
I 4 

k// N 
X | 

Rs 

[0028] Wherein X, R3, R 4, and R5 are as de?ned above, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof. 
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[0029] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q1 is N. 

[0030] More preferred are compounds of Formula V 

XIK \ R 
l// N 4 
X | 

[0031] Wherein X, R3, R 4, and R5 are as de?ned above, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof. 

[0032] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q1 and Q4 are N. 

[0033] More preferred are compounds of Formula VI 

VI 

R3 

X N\ 

I \ R4 
X N/N 

R5 

[0034] Wherein X, R3, R4, and R5 are as de?ned above, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof. 

[0035] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q2 and Q 4 are N. 

[0036] More preferred are compounds of Formula VII 

VII 

X R3 

\ N 

i \ R4 
N/ N 

[0037] Wherein X, R3, R4, and R5 are as de?ned above, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof. 

[0038] Also preferred are compounds of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein each of Q1, Q2, Q3, and Q4 is CH2. 
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[0039] More preferred are compounds of Formula VIII 

VIII 

R3 

[0040] Wherein R3, R4, and R5 are as de?ned above, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof 

[0041] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q3 and Q4 are N. 

[0042] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q1 and Q2 are N. 

[0043] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q2 and Q3 are N. 

[0044] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein Q1 and Q3 are N. 

[0045] Also preferred are compounds of Formula IX 

[0046] Wherein Q1, Q2, Q3, Q4, R3, R4, and R5 are as 
de?ned above, and pharmaceutically acceptable salts 
thereof, and C1-C8 alkyl esters thereof. 

[0047] In another preferred embodiment, the invention 
provides a compound of Formula (A): 

(A) 

[0048] and pharmaceutically acceptable salts thereof, and 
C1-C8 alkyl esters thereof, 
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[0049] Wherein: 

[0050] Q1, Q2, Q3, and Q4 are independently selected 
from CX and N, Wherein 1 or 2 of Q1, Q2, Q3, and 
Q4 are N or each of Q1, Q2, Q3, and Q4 is CH2 and 
there is a C—C double bond betWeen the carbon 
atoms bearing Q1 and N, and Q 4 and N, respectively, 
Wherein, 

[0051] X is independently selected from H, halo, 
hydroXy, CF3, R1, 0R1, CO2R1, N02, NH2, and 
SR1, Wherein R1 is H or C1-C4 alkyl; 

[0052] R8 is H, CJL-C4 allyl, C3-C8 cycloalkyl, phenyl, 
C2-C6 heteroaryl, benZyl, CH2—(C2-C6 heterocyclic 
radical), C(O)NH2, or -M-T, Wherein M is sulfonyl, 
SOZNRb, CONRb, CSNRb, or CSRb, Wherein Rb is 
H, C1-C4 alkyl, or C2-C6 heterocyclic radical, and T 
is C1-C18 alkyl, phenyl, or C2-C6 heterocyclic radi 
cal; 

[0053] R4 is CJL-C2 alkoXy, CJL-C2 thioalkoXy, 
hydroXy, halo, or C1-C4 alkyl; 

[0054] R5 is H, (Phenyl)(C1-C4 alkyl)oXycarbonyl, 
(Cl-C4 alkyl)oXycarbonyl, (C3-C8 cycloalkyl)oXy 
carbonyl, (C3-C8 cycloalkyl), (Cl-C4 alkyl)oXycar 
bonyl, or (C6-C1O aryl)oXycarbonyl; 

[0055] Wherein each hydrocarbyl or heterocyclic 
radical above is optionally substituted With 
betWeen 1 and 3 substituents independently 
selected from halo, C1-C4 alkyl, C3-C6 cycloalkyl, 
C1-C4 alkenyl, C1-C4 alkynyl, phenyl, hydroXyl, 
amino, (amino)sulfonyl, N-acetyl, O-acetyl, C1-C4 
thioalkyl, CJL-C4 alkoXy, COOR6, Wherein R6 is H 
or C1-C6 alkyl, SO3Na, SO3H, SOZNHZ, cyano, 
CH2NH2, acetyl, di(C1-C4 alkyl)amino, and nitro, 

[0056] Wherein each substituent alkyl, cycloalkyl, 
alkenyl, alkynyl, or phenyl is in turn optionally 
substituted With betWeen 1 and 3 substituents 
independently selected from halo, C1-C2 alkyl, 
hydroXyl, amino, and nitro. 

[0057] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, wherein R8 or Rb is a heterocyclic radical 
selected from 3-pyridyl, 3-picolinyl, 2-thienyl, 3-thienyl, 
dansyl, 8-quinoyl, and imidaZolyl. 

[0058] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 allyl 
esters thereof, wherein R8 or Rb is one of said phenyl, 
benZyl, alkyl, heterocyclic radical, or cycloalkyl groups 
substituted With at least one substituent selected from halo, 
hydroXyl, amino, (amino)sulfonyl, N-acetyl, O-acetyl, C1-C4 
thioalkyl, C1-C4 alkoXy, COORG, SO3Na, SO3H, SOZNHZ, 
cyano, CH2NH2, acetyl, di(C1-C4 alkyl)amino, tri?uorom 
ethyl, and nitro, and Wherein W is a covalent bond. 

[0059] Also preferred is a compound of Formula I, and 
pharmaceutically acceptable salts thereof, and C1-C8 alkyl 
esters thereof, Wherein said substituent is COZRG, N-acetyl, 
di(C1-C4 alkyl)amino, hydroXy, halo, or tri?uoromethyl. 

[0060] Preferred is a compound of Formula I, and phar 
maceutically acceptable salts thereof, and C1-C8 alkyl esters 
thereof, wherein R8 is a phenyl or benZyl having a substitu 
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[0110] 3-{[2-MethoXy-5-(1H-pyrrolo[3,2-b]pyridin-2 
yl)phenylamino]-methyl}-phenol. 

0111 Also still more referred is a com ound selected P P 
from the group consisting of: 

[0112] 1-(3,5-Dichloro-phenyl)-3-[2-methoXy-5-(5H 
pyrrolo[2,3-b]pyraZin-6-yl)-phenyl]-thiourea; 

[0113] Thiophene-2-sulfonic acid[2-methoXy-5-(5H 
pyrrolo[2,3-b]pyraZin-6-yl)phenyl]-amide; 

0114 2-MethoX -5- SH- rrolo 2,3-b raZin-6 y Py Py 
yl)phenyl]-pyridin-3-ylmethyl-amine; 

[0115] [2-MethoXy-5-(5H-pyrrolo[2,3-b]pyraZin-6-yl) 
phenyl]-(3-tri?uoromethyl-phenyl)-amine; 

[0116] 3-{[2-MethoXy-5-(5H-pyrrolo[2,3-b]pyraZin-6 
yl)-phenylamino]-methyl}-phenol; 

[0117] 1-(3,5-Dichloro-phenyl)-3-[2-methoXy-5-(7H 
pyrrolo[2,3-c]pyridaZin-6-yl)-phenyl]-thiourea; 

[0118] Thiophene-2-sulfonic acid[2-methoXy-5-(7H 
pyrrolo[2,3-c]pyridaZin-6yl)phenyl]-amide; 

- etoX-- - rroo ,-c r1aZ1n- 0119 2Mh y57Hpy 123 py'd ' 6 
yl)phenyl]-pyridin-3-ylmethyl-amine; 

- et oXy- - -pyrro 0 , -c pyri aZm- - 0120 2M h 5 7H 123 'd ' 6 
yl)phenyl]-(3-tri?uoromethyl-phenyl)amine; 

[0121] 3-{[2-MethoXy-5-(7H-pyrrolo[2,3-c]pyridaZin 
6-yl)phenylamino]-methyl}-phenol; 

- , - 1c oro-p eny - - -met oXy- - - 0122 135D'h1 h 132 h 55H 
pyrrolo[3,2-c]pyridaZin-6-yl)phenyl]-thiourea; 

[0123] Thiophene-2-sulfonic acid[2-methoXy-5-(5H 
pyrrolo[3,2-c]pyridaZin-6-yl)phenyl]-amide; 

- et oXy- - -pyrro 0 , -c pyri aZm 0124 2M h 5 SH 132 'd ' 
6yl)phenyl]-pyridin-3-ylmethyl-amine; 

- et oXy- - -pyrro 0 , -c pyri aZm- - 0125 2M h 5 SH 132 'd ' 6 
yl)-phenyl]-(3-tri?uoromethyl-phenyl)amine; 

[0126] 3-{[2-MethoXy-5-(5H-pyrrolo[3,2-c]pyridaZin 
6-yl)phenylamino]-methyl}-phenol; 

- , - 1c oro-p eny - - -met oXy- - - 0127 135D'h1 h 132 h 51H 
pyrrolo[2,3-d]pyridaZin-2-yl)-phenyl]-thiourea; 

[0128] Thiophene-2-sulfonic acid[2-methoXy-5-(1H 
pyrrolo[2,3-d]pyridaZin-2-yl)-phenyl]-amide; 

[0129] [2-MethoXy-5-(1H-pyrrolo[2,3-d]pyridaZin-2 
yl)-phenyl]-pyridin-3-ylmethyl-amine; 

[0130] [2-MethoXy-5-(1H-pyrrolo[2,3d]pyridaZin-2 
yl)-phenyl]-(3-tri?uoromethyl -phenyl)-amine; 

[0131] 3-{[2-MethoXy-5-(1H-pyrrolo[2,3-d]pyridaZin 
2-yl)-phenylamino]-methyl}-phenol; 

[0132] 1-(3,5-Dichloro-phenyl)-3-[2-methoXy-5-(7H 
pyrrolo[2,3-d]pyrimidin-6-yl)-phenyl]-thiourea; 

[0133] Thiophene-2-sulfonic acid[2-methoXy-5-(7H 
pyrrolo[2,3-d]pyrimidin-6-yl)-phenyl]-amide; 

[0134] [2-MethoXy-5-(7H-pyrrolo[2,3-d]pyrimidin 
6yl)-phenyl]-pyridin-3-ylmethyl-amine; 

[0135] [2-MethoXy-5-(7H-pyrrolo[2,3-d]pyrimidin-6 
yl)-phenyl]-(3-tri?uoromethyl-phenyl)amine; 
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[0137] 1-(3,5-Dichloro-phenyl)-3-[2-methoXy-5-(5H 
pyrrolo[3,2-d]pyrimidin-6-yl)phenyl] -thiourea; 

10p ene- -su omc ac1 -met oXy- - - 0138 Th' h 2 1f ' 'd2 h 5 5H 
pyrrolo[3,2-d]pyrimidin-6-yl)phenyl]-amide; 

[0139] [2-MethoXy-5-(5H-pyrrolo[3,2-d]pyrimidin-6 
yl)-phenyl]-pyridin-3-ylmethyl-amine; 

[0140] [2-MethoXy-5-(5H-pyrrolo[3,2]pyrimidin-6-yl) 
phenyl]-(3-tri?uoromethyl-phenyl)-amine; and 

[0141] 3- {[2-MethoXy-5 -(5H-pyrrolo[3,2-d]pyrimidin 
6-yl)phenylamino]-methyl} -phenol. 

[0142] Also still more preferred is a compound of Formula 
I selected from the group consisting of. 

[0143] 1-(3,5-Dichloro-phenyl)-3-[2-methoXy-5-(4,5,6, 
7-tetrahydro-1H-indol-2-yl)phenyl] -thiourea; 

[0144] Thiophene-2-sulfonic acid[2-methoXy-5-(4,5,6, 
7-tetrahydro-1H-indol-2-yl)phenyl]-amide; 

[0145] [2-MethoXy-5-(4,5,6,7-tetrahydro-1H-indol-2 
yl)-phenyl]-pyridin-3-ylmethyl-amine; 

[0146] [2-MethoXy-5-(4,5,6,7-tetrahydro-1H-indol-2 
yl)-phenyl]-(3-tri?uoromethyl-phenyl)amine; and 

[0147] 3- {[2-MethoXy-5-(4,5,6,7-tetrahydro-1H-indol 
2-yl) -phenylamino]-methyl} -phenol. 

[0148] The invention also provides pharmaceutical com 
positions comprising compounds of Formula I, together With 
a pharmaceutically acceptable carrier, diluent, or eXcipient. 
Preferred compositions comprise a compound of Formulas 
11 through IX or (A) With a pharmaceutically acceptable 
carrier, diluent, or eXcipient. 

[0149] The invention also provides methods for treating 
mammals With diseases relating to the 15-LO cascade. These 
methods are for treating, preventing, or ameliorating the 
related condition or disease. These methods include the 
folloWing. 
[0150] A method for inhibiting 15-LO, said method com 
prising administering to a patient in need of 15-lipoXygenase 
inhibition a pharmaceutically-effective amount of a com 
pound of Formula I, or a pharmaceutically acceptable salt 
thereof, or C1-C8 alkyl esters thereof. 

[0151] A method for treating or preventing atherosclero 
sis, said method comprising administering to a patient at risk 
or in need of such treatment a therapeutically-effective 
amount of a compound of Formula I, or a pharmaceutically 
acceptable salt thereof, or C1-C8 alkyl esters thereof. 

[0152] A method for inhibiting the chemotaXis of mono 
cytes, said method comprising administering to a patient in 
need of inhibition of monocytic migration a therapeutically 
effective amount of a compound of Formula I, or a phar 
maceutically acceptable salt thereof, or C1-C8 alkyl esters 
thereof. 

[0153] A method for treating or preventing in?ammation, 
said method comprising administering to patient at risk or in 
need of such treatment a therapeutically-effective amount of 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, or C1-C8 alkyl esters thereof. 
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[0154] A method for treating or preventing stroke, said 
method comprising administering to a patient at risk or in 
need of such treatment a therapeutically-effective amount of 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, or C1-C8 alkyl esters thereof. 

[0155] Amethod for treating or preventing coronary artery 
disease, said method comprising administering to a patient 
at risk or in need of such treatment a therapeutically 
effective amount of a compound of Formula I, or a phar 
maceutically acceptable salt thereof, or C1-C8 alkyl esters 
thereof. 

[0156] A method for treating or preventing asthma, said 
method comprising administering to patient at risk or in 
need of such treatment a therapeutically-effective amount of 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, or C1-C8 alkyl esters thereof 

[0157] A method for treating or preventing arthritis, said 
method comprising administering to patient at risk or in 
need of such treatment a therapeutically-effective amount of 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, or C1-C8 allyl esters thereof. 

[0158] A method for treating or preventing colorectal 
cancer, said method comprising administering to a patient at 
risk or in need of such treatment a therapeutically-effective 
amount of a compound of Formula I, or a pharmaceutically 
acceptable salt thereof, or C1-C8 alkyl esters thereof. 

[0159] A method for treating or preventing psoriasis, said 
method comprising administering to a patient at risk or in 
need of such treatment a therapeutically-effective amount of 
a compound of Formula I, or a pharmaceutically acceptable 
salt thereof, or C1-C8 alkyl esters thereof. 

[0160] Other aspects and features of the invention Will be 
apparent from the disclosure, examples, and claims set forth 
beloW. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0161] The invention provides compounds of Formula I 
and methods of making and using them. Other features of 
the invention, and preferred embodiments thereof, Will 
become apparent from the examples and claims beloW. 

[0162] A. Terms 

[0163] Certain terms used herein are de?ned beloW and by 
their usage throughout this disclosure. 

[0164] Alkyl groups include aliphatic (i.e., hydrocarbon 
radicals containing hydrogen and carbon atoms) With a free 
valence. Alkyl groups are understood to include straight 
chain and branched structures. Preferred alkyl groups have 
from 1 to 6 carbon atoms. Examples of typical alkyl groups 
include methyl, ethyl, propyl, isopropyl, butyl, n-butyl, 
isobutyl, t-butyl, pentyl, isopentyl, 2,3-dimethylpropyl, 
hexyl, 2,3-dimethyl hexyl, 1,1-dimethylpentyl, heptyl, and 
octyl. Cycloalkyl groups are C3-C8 cyclic structures, 
examples of Which include cyclopropyl, cyclobutyl, cyclo 
pentyl, cyclohexyl, and cyclooctyl. 

[0165] Alkyl and cycloalkyl groups can be substituted 
With 1, 2, 3 or more substituents Which are independently 
selected from halo (?uoro, chloro, bromo, or iodo), hydroxy, 
amino, alkoxy, alkylamino, dialkylamino, cycloalkyl, aryl, 
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aryloxy, arylalkyloxy, heterocyclic radical, (heterocyclic 
radical)oxy, (amino)sulfonyl, N-acetyl, O-acetyl, C1-C4 
thioalkyl, C1-C4 alkoxy, COORG, SO3Na, SO3H, SO2NH2, 
cyano, CHZNHZ, acetyl, tri?uoromethyl, and nitro. Speci?c 
examples include COOH, thiomethyl, methoxy, ethoxy, 
dimethylamino, ethylmethylamino, diethylamino, and 
chloro. Other examples include ?uoromethyl, hydroxyethyl, 
2,3-dihydroxyethyl, (2- or 3-furanyl)methyl, cyclopropylm 
ethyl, methylcyclopropyl, benZyloxyethyl, (3-pyridinyl)m 
ethyl, (2- or 3-furanyl)methyl, (2-thienyl)ethyl, hydroxypro 
pyl, aminocyclohexyl, 2-dimethyl-aminobutyl, 
methoxymethyl, 2-ethoxycyclopentyl, N-pyridinylethyl, 
diethylaminoethyl and cyclobutylmethyl. 
[0166] Alkenyl groups are analogous to alkyl groups, but 
have at least one double-bond (tWo adjacent sp2 carbon 
atoms). Depending on the placement of a double-bond and 
substituents, if any, the geometry of the double-bond may be 
entgegen (E), Zusammen (Z), cis, or trans. Similarly, alkynyl 
groups have at least one triple-bond (tWo adjacent sp carbon 
atoms). Unsaturated alkenyl or alkynyl groups may have one 
or more double- or triple-bonds, respectively, or a mixture 
thereof; like alkyl groups, they may be straight chain or 
branched, and they may be substituted as described above 
and throughout the disclosure. Examples of alkenyls, alky 
nyls, and substituted forms include cis-2-butenyl, trans-2 
butenyl, 3-butynyl, 3-phenyl-2-propynyl, 3-(2‘-?uorophe 
nyl)-2-propynyl, 3-methyl(5-phenyl)-4-pentynyl, 
2-hydroxy-2-propynyl, 2-methyl-2-propynyl, 2-propenyl, 
4hydroxy-3-butynyl, 3-(3-?uorophenyl)-2-propynyl, and 
2-methyl-2-propenyl. 
[0167] The foregoing groups are referred to collectively as 
“hydrocarbyl” groups. More general forms of substituted 
hydrocarbyls include hydroxyalkyl, hydroxyalkenyl, 
hydroxyalkynyl, hydroxycycloalkyl, hydroxyaryl, and cor 
responding forms for the pre?xes amino-, halo- (e.g., 
?uoro-, chloro-, or bromo-), nitro-, alkyl-, phenyl-, 
cycloalkyl- and so on, or combinations of substituents. 
According to Formula I, therefore, substituted alkyls include 
hydroxyalkyl, aminoalkyl, nitroalkyl, haloalkyl, alkylalkyl 
(branched alkyls, such as methylpentyl), (cycloalkyl)alkyl, 
phenylalkyl, alkoxy, alkylaminoalkyl, dialkylaminoalkyl, 
arylalkyl, aryloxyalkyl, arylalkyloxyalkyl, (heterocyclic 
radical)alkyl, and (heterocyclic radical)oxyalkyl and so on. 
Where R8 or Rb are both phenyl, for example, Ra thus 
includes 3-halo-4-hydroxyphenyl, 3-(?uoro or chloro)-4 
nitrophenyl, 3,4-dichlorophenyl, 3,5-dichlorophenyl, 3,5 
di?uorophenyl, 3-hydroxy-4-nitrophenyl, 4-hydroxy-3-ni 
trophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-?uorophenyl, 
3-?uorophenyl, 4-?uorophenyl, 3,4-di?uorophenyl, 2,3-dif 
luorophenyl, 2,4-di?uorophenyl, 3-tri?uoromethylphenyl, 
4-tri?uoromethylphenyl, 3-aminophenyl, 4-aminophenyl, 
3,5-diethylphenyl, 3-methylphenyl, 4-methylphenyl, 3-ni 
trophenyl, 4-nitrophenyl, 3-nitro-4-chlorophenyl, 3-cy 
anophenyl, 4-cyanophenyl, 3-methyleneaminophenyl, 
4-methyleneaminophenyl, 3-hydroxyphenyl, 4-hydroxyphe 
nyl, 3,4-dihydroxyphenyl, 4-chloro-3-tri?uoromethylphe 
nyl, 3-carbomethoxyphenyl, 4-carbomethoxyphenyl, bis(3, 
5-tri?uoromethyl)phenyl, 4-t-butylphenyl, 4-n-butylphenyl, 
4-isopropylphenyl; 3-acetylphenyl-4-sulfonic acid (e.g., 
sodium salt). 3-carboxyphenyl, 4-carboxyphenyl, 3-methox 
yphenyl, 4-methoxyphenyl, 3,4-dimethoxyphenyl, 4-aceta 
midophenyl, 3-amino-4-halophenyl, 3-alkoxy-4-halophe 
nyl, 3-halo-4-alkylaminophenyl, 4-(N,N 
dimethylamino)phenyl, 3-cycloalkylphenyl, 3(3‘,5‘ 
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dihalophenyl)-4-nitrophenyl, 4-aryloxyphenyl, 
arylalkyloxyphenyl, heterocyclic radical phenyl, (heterocy 
clic radical)oxy, 4-sulfamoylphenyl (or 4-aminosulfo 
nylphenyl), 3-(alkylcarbonyloxy)phenyl such as 
3-acetylphenyl, and 3-(C1-C4 thioalkyl)phenyl. 

[0168] Similarly, the invention features analogous 
examples of substituted Ra on a heterocyclic radical. Het 
erocyclic radicals, Which include but are not limited to 
heteroaryls, include cyclic and bicyclic ring moieties having 
betWeen 1 and 4 heteroatoms selected independently from 
O, S, and N, and having from 2 to 11 carbon atoms. The 
rings may be aromatic or nonaromatic, With sp2 or sp3 
carbon atoms. Examples include: furyl, oxaZolyl, isoxaZolyl, 
thienyl, thiophenyl, thiaZolyl, pyrrolyl, imidaZolyl, triaZolyl 
such as 1,3,4-triaZolyl, tetraZolyl, thiaZolyl, oxaZolyl, xan 
thenyl, pyronyl, pyridyl, pyrimidyl, triaZinyl, pyraZinyl, 
pyridaZinyl, indolyl, and pyraZolyl. Further examples of 
heterocyclic radicals include piperidyl, quinolyl, isothiaZ 
olyl, piperidinyl, morpholinyl, piperaZinyl, tetrahydrofuryl, 
tetrahydropyrrolyl, pyrrolidinyl, octahydroindolyl, octahy 
drobenZothiofuranyl, and octahydrobenZofuranyl. Particu 
larly preferred heterocyclic radicals include 2-pyridyl, 3-py 
ridyl, 4-pyridyl, 3-picolinyl, 2-thienyl, 3-thienyl, 2-furyl, 
3-furyl, dansyl, 8-quinoyl, 2-acetamido-4-thiaZole, and imi 
daZolyl. These may be substituted With one or more sub 
stituents such as halo, CJL-C4 alkoxy, COOR6, SO3Na, 
SO3H, SOZNHZ, cyano, CHZNHZ, acetyl, tri?uoromethyl. 
Examples of substituted heterocyclic radicals include chlo 
ropyranyl, methylthienyl, ?uoropyridyl, amino-1-,4-ben 
ZisoxaZinyl, nitroisoquinolinyl, and hydroxyindolyl. Hetero 
cyclic radicals can be bonded through a carbon atom or a 
heteroatom. 

[0169] The term “patient” means a mammal such as a 
human or a domestic animal such as a dog, cat, horse, 
bovine, porcine, and sheep. 

[0170] The term “effective amount” means that quantity of 
a compound of Formula I that inhibits the 15-LO enZyme in 
a patient to an extent that results in prevention or treatment 
of an in?ammatory condition or otherWise bene?ts a patient 
by virtue of having endogenous 15-LO enZymes inhibited. 

[0171] The term “halo” includes ?uoro, chloro, bromo, 
and iodo. 

[0172] The term “amino” means NH2. 

[0173] The terms “alkoxy” and “thioalkoxy” mean an 
alkyl group bonded through an oxygen atom or a sulfur 
atom, respectively, Wherein alkyl is de?ned above unless 
limited in the number of carbons by a pre?x to alkoxy or 
thioalkoxy such as, for example, CJL-C2 or C1-C4. 

[0174] B. Compounds 

[0175] The invention compounds can be synthesiZed uti 
liZing standard organic chemistry methodologies. Typical 
syntheses are shoWn in Schemes 1 through 13 beloW, Which 
are categoriZed according to “Type” for ease of understand 
mg. 

[0176] Examples of compounds of the invention catego 
riZed by “Type” and reaction Scheme(s) used to prepare the 
compounds are shoWn beloW. 

[0177] Type A (Schemes 3 and 4) 

[0178] Thiophene-2-sulfonic acid[2-methoxy-5-(1H 
pyrrolo[2,3-b]pyridin-2-yl)-phenyl]-amide; 
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[0179] [2-Methoxy-5-(1H-pyrrolo[2,3-b]pyridin-2-yl) 
phenyl]-pyridin-S 3-ylmethyl-amine; 

[0180] [2-Methoxy-5-(1H-pyrrolo[2,3 -b ]pyridin-2-yl) 
phenyl]-(3 -tri?uoromethyl-phenyl)-amine; 

[0181] 3- {[2-Methoxy-5 -(1H-pyrrolo[2,3 -b]pyridin-2 
yl)phenylamino]-methyl} -phenol; and 

[0182] 1-(3,5 -Dichloro-phenyl)-3-[2-methoxy-5 -(1H 
pyrrolo[2,3 -b]pyridin-2-yl) phenyl] -thiourea. 

[0183] Type B (Scheme 5) 
[0184] 1-(3,5-Dichloro-phenyl)-3-[2-methoxy-5-(1H 

pyrrolo[2,3 -b]pyridin-2-yl)-phenyl] -thiourea; 
[0185] Thiophene -2-sulfonic acid[2-methoxy-5 -(1H 

pyrrolo[2,3-c]pyridin-2-yl)phenyl]-amide; 
[0186] [2-Methoxy-5-(1H-pyrrolo[2,3 -c]pyridin-2-yl) 

phenyl]-pyridin-3 -ylmethyl- amine; 

[0187] [2-Methoxy-5(1H-pyrrolo[2,3-c]pyridin-2-yl) 
phenyl]-(3-tri?uoromethyl-20 phenyl)-amine; and 

[0188] 3- {[2-Methoxy-5 -(1H-pyrrolo[2,3-c]pyridin-2 
yl)-phenylamino]-methyl} -phenol. 

[0189] Type C (Scheme 6) 
[0190] 1-(3,5-Dichloro-phenyl)-3-[2-methoxy-5-(1H 

pyrrolo[3,2-c]pyridin-2-yl)-phenyl] -thiourea; 

[0191] Thiophene -2-sulfonic acid[2-methoxy-5 -(1H 
pyrrolo[3,2-c]pyridin-2-yl)phenyl]-amide; 

[0192] [2-Methoxy-5-(1H-pyrrolo[3,2-]pyridin-2-yl) 
phenyl]-pyridin-3 -ylmethyl- amine; 

[0193] [2-Methoxy-5-(1H-pyrrolo[3,2-c]pyridin-2-yl) 
phenyl]-(3 -tri?uoromethyl-phenyl)-amine; and 

[0194] 3- {[2-Methoxy-5 -(1H-pyrrolo[3,2-c]pyridin-2 
yl)-phenylamino]-methyl} -phenol. 

[0195] Type D (Scheme 7) 
[0196] 1-3,5-Dichloro-phenyl)-3-[2-methoxy-5-(1H 

pyrrolo[3,2-b]pyridin-2-yl)-phenyl] -thiourea; 

[0197] Thiophene -2-sulfonic acid[2-methoxy-5 -(1H 
pyrrolo[3,2-b]pyridin-2-yl)-phenyl]-amide; 

[0198] [2-Methoxy-5-(1H-pyrrolo[3,2-b ]pyridin-2 
yl)phenyl] -pyridin-3-ylmethyl-amine; 

[0199] [2-Methoxy-5-(1H-pyrrolo[3,2-b ]pyridin-2 
yl)phenyl] -(3-tri?uoromethyl-phenyl)-amine; and 

[0200] 3- {[2-Methoxy-5 -(1H-pyrrolo[3,2-b]pyridin-2 
yl)phenylamino]-methyl} -phenol. 

[0201] Type E (Scheme 8) 

[0202] 1-(3,5 -Dichloro-phenyl)-3-[2-methoxy-5 -(5H 
pyrrolo[2,3 -b]pyraZinyl) -phenyl]-thioure a; 

[0203] Thiophene -2-sulfonic acid[2-methoxy-5 -(5H 
pyrrolo[2,3 -b]pyraZin-6yl) -phenyl]-amide; 

[0204] [2-Methoxy-5-(5H-pyrrolo[2,3 -b ]pyraZin-6-yl) 
phenyl]-pyridin-3 -ylmethyl- amine; 

[0205] [2-Methoxy-5-(5H-pyrrolo[2,3-b]pyraZin-6-yl) 
phenyl]-(3-tri?uoromethyl-phenyl)amine; and 
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[0206] 3- {[2-MethoXy-5-(5H-pyrrolo[2,3-b]pyraZin-6 
yl)phenylamino]-methyl} -phenol. 

[0207] Type F (Schemes 1 and 2) 

[0208] 1-(3,5 -Dichloro -phenyl)-3-[2-methoXy-5 -(7H 
pyrrolo[2,3-c]pyridaZin-6-yl)-phenyl]-thioure a; 

[0209] Thiophene -2-sulfonic acid[2-methoXy-5-(7H 
pyrrolo[2,3-c]pyridaZin-6-yl)-phenyl]-amide; 

[0210] [2-MethoXy-5 -(7H-pyrrolo[2,3-c]pyridaZin-6 
yl)-phenyl]-pyridin-3 -ylmethyl-amine; 

[0211] [2-MethoXy-5 -(7H-pyrrolo[2,3 -c]pyridaZin-6 
yl)-phenyl]-(3 -tri?uoromethyl-phenyl) amine; and 

[0212] 3- {[2-MethoXy-5 -(7H-pyrrolo[2,3-c]pyridaZin 
6-yl)phenylamino]-methyl} -phenol. 

[0213] Type G (Schemes 1 and 2) 

[0214] 1-(3,5 -Dichloro -phenyl)-3-[2-methoXy-5 -(5H 
pyrrolo[3,2-c]pyridaZin-6-yl)phenyl] -thiourea; 

[0215] Thiophene -2-sulfonic acid[2-methoXy-5-(5H 
pyrrolo[3,2-c]pyridaZin-6-yl)phenyl]-amide; 

[0216] [2-MethoXy-5 -(5H-pyrrolo[3,2-c]pyridaZin-6 
yl)phenyl] -pyridin-3-ylmethyl- amine; 

[0217] [2-MethoXy-5 -(5H-pyrrolo[3,2-c]pyridaZin-6 
yl)-phenyl]-(3 -tri?uoromethyl-phenyl)-amine; and 

[0218] 3- {[2-MethoXy-5 -(5H-pyrrolo[3,2-c]pyridaZin 
6-yl)phenylamino]-methyl} -phenol. 

[0219] Type H (Schemes 1 and 2) 

[0220] 1-(3,5 -Dichloro -phenyl)-3-[2-methoXy-5 -(1H 
pyrrolo[2,3-d]pyridaZin-2-yl)-phenyl]-thioure a; 

[0221] Thiophene -2-sulfonic acid[2-methoXy-5-(1H 
pyrrolo[2,3-d]pyridaZin-2-yl)phenyl]-amide; 

[0222] [2-MethoXy-5 -(1H-pyrrolo[2,3-d]pyridaZin-2 
yl)-phenyl]-pyridin-3 -ylmethyl-amine; 

[0223] [2-MethoXy-5 -(1H-pyrrolo[2,3-d]pyridaZin-2 
yl)-phenyl]-(3 -tri?uoromethyl-phenyl)-amine; and 

[0224] 3- {[2-MethoXy-5 -(1H-pyrrolo[2,3-d]pyridaZin 
2-yl) -phenylamino]-methyl} -phenol. 

[0225] Type I (Scheme 9) 
[0226] 1-(3,5 -Dichloro -phenyl)-3-[2-methoXy-5 -(7H 

pyrrolo[2,3-d]pyrimidin-6-yl)phenyl]-thioure a; 

[0227] Thiophene -2-sulfonic acid[2-methoXy-5-(7H 
pyrrolo[2,3-d]pyrimidin-6-yl) -phenyl]-amide; 

[0228] [2-MethoXy-5 -(7H-pyrrolo[2,3-d]pyrimidin-6 
yl)-phenyl]-pyridin-3 -ylmethyl-amine; 

[0229] [2-MethoXy-5 -(7H-pyrrolo[2,3d]pyrimidin-6 
yl)-phenyl]-(3 -tri?uoromethyl-phenyl)-amine; and 

[0230] 3- {[2-MethoXy-5 -(7H-pyrrolo[2,3-d]pyrimidin 
6-yl) -phenylamino]-methyl} -phenol. 

[0231] Type J (Schemes 1 and 2) 

[0232] 1-(3,5 -Dichloro -phenyl)-3-[2-methoXy-5 -(5H 
pyrrolo[3,2-d]pyrimidin-6-yl) -phenyl] -thiourea; 

[0233] Thiophene-2-sulfonic acid[2-methoXy-5-(5H 
pyrrolo[3,2-d]pyrimidin-6yl)-phenyl]-amide; 
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[0234] [2-MethoXy-5-(5H-pyrrolo[3,2-]pyrimidin-6 
yl)phenyl]-pyridin-3-ylmethyl-amine; 

[0235] [2-MethoXy-5-(5H-pyrrolo[3,2-d]pyrimidin-6 
yl)phenyl]-(3-tri?uoromethyl-phenyl)-amine; and 

[0236] 3- {[2-MethoXy-5 -(5H-pyrrolo[3,2-d]pyrimidin 
6yl)phenylamino]-methyl} -phenol. 

[0237] Type K (Schemes 10 and 11) 
[0238] 1-(3,5-Dichloro-phenyl)-3-[2-methoXy-5-(4,5,6, 

7-tetrahydro-1H-indol-2-yl)phenyl] -thiourea; 
[0239] Thiophene-2-sulfonic acid[2-methoXy-5-(4,5,6, 

7-tetrahydro-1H-indol-2-yl)-phenyl]-amide; 
[0240] [2-MethoXy-5-(4,5,6,7-tetrahydro-1H-indol-2 

yl)-phenyl]-pyridin-3-ylmethyl-amine; 
[0241] [2-MethoXy-5-(4,5,6,7-tetrahydro-1H-indol-2 

yl)-phenyl]-(3-tri?uoromethyl-phenyl)-amine; and 

[0242] 3- {[2-MethoXy-5-(4,5,6,7-tetrahydro-1H-indol 
2-yl) -phenylamino]-methyl} -phenol. 

[0243] The invention provides the disclosed compounds 
and closely related, pharmaceutically acceptable forms of 
the disclosed compounds, such as salts, esters, amides, 
hydrates or solvated forms thereof; masked or protected 
forms; and racemic miXtures, or enantiomerically or opti 
cally pure forms (at least 90%, and preferably 95%, 98% or 
greater purity). 

[0244] Pharmaceutically acceptable salts, esters, and 
amides include carboXylate salts (e.g., Cl-C8 alkyl, 
cycloalkyl, aryl, heteroaryl, or heterocyclic), amino acid 
addition salts, esters, and amides Which are Within a rea 
sonable bene?t/risk ratio, pharmacologically effective, and 
suitable for contact With the tissues of patients Without 
undue toXicity, irritation, or allergic response. Representa 
tive salts include hydrobromide, hydrochloride, sulfate, 
bisulfate, nitrate, acetate, oxalate, valerate, oleate, palmitate, 
stearate, laurate, borate, benZoate, lactate, phosphate, tosy 
late, citrate, maleate, fumarate, succinate, tartrate, naphthy 
late, mesylate, glucoheptonate, lactiobionate, and laurylsul 
fonate. These may include alkali metal and alkali earth 
cations such as sodium, potassium, calcium, and magne 
sium, as Well as non-toxic ammonium, quaternary ammo 
nium, and amine cations such as tetramethyl ammonium, 
methylamine, trimethylamine, and ethylamine. See, for 
eXample, S. M. Berge, et al., “Pharmaceutical Salts,”J. 
Pharm. Sci, 1977;66:1-19 Which is incorporated herein by 
reference. Representative pharmaceutically acceptable 
amides of the invention include those derived from ammo 
nia, primary C1-C6 alkyl amines and secondary di (Cl-C6 
alkyl) amines. Secondary amines include 5- or 6-membered 
heterocyclic or heteroaromatic ring moieties containing at 
least one nitrogen atom and optionally betWeen 1 and 2 
additional heteroatoms. Preferred amides are derived from 
ammonia, C1-C3 alkyl primary amines, and di (Cl-C2 alky 
l)amines. Representative pharmaceutically acceptable esters 
of the invention include C1-C6 alkyl, CS-C7 cycloalkyl, 
C6-C8 aryl, and C6-C8 aryl (C1-C6)alkyl esters. Preferred 
esters include methyl esters. 

[0245] C. Synthesis 

[0246] The invention compounds can be synthesiZed 
according to the folloWing thirteen schemes, or variants 
thereof. 
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[0247] Compounds of the present invention can be pre 
pared using the general synthetic procedure shoWn in 
Scheme 1. The parent heterocycles can be purchased or 
synthesiZed by methods knoWn to those skilled in the art (A. 
R KatritZky and C. W. Rees, “Comprehensive Heterocyclic 
Chemistry, The Structures, Reactions, Synthesis, and Uses 
of Heterocyclic Compounds,” Pergamon Press, NY, 
1984;4(3.09):497-529). The free NH of the heterocycle is 
protected using the benZenesulfonyl group. The heterocycle 
of formula (1) is treated With benZenesulfonyl chloride and 
a base such as potassium or sodium hydroxide in a solvent 
such as methanol or ethanol to give the protected hetero 
cycle of formula The protected heterocycle of formula 
(2) is then deprotonated using a base such as n-BuLi in a 
solvent such as THF or diethyl ether, and the resulting 
organolithium species is then brominated With bromine to 
give a compound of formula Lithium-halogen exchange 
With a base such as n-BuLi in a solvent such as THF or 

diethyl ether, folloWed by reaction With triisopropyl borate 
at temperatures ranging from —20° C. to —78° C. converts the 

compound of formula (3) to the boronic acid of formula Suzuki coupling of the compound of formula (4) With the 

aryl bromide of formula (5) in the presence of tetrakis(triph 
enylphosphine)palladium (0) as catalyst and a base such as 
aqueous potassium carbonate in a solvent such as toluene 
gives the protected aryl heterocycle of formula Reduc 
tion of the nitro group in the compound of formula (6) can 
be accomplished With Raney nickel and hydrogen gas in a 
solvent such as THF or DMF to give the amino compound 
of formula The compound of formula (7) can be 
deprotected using HBr in glacial acetic acid to give the 
compound of formula The compound of formula (8) can 
be reacted With a variety of compounds such as for example, 
sulfonyl chlorides, isothiocyanates, aryl halides, and acyl 
chlorides to yield a variety of compounds of the present 
invention such as for example, sulfonamides, thioureas, 
N-aryl analogs, and reductive amination products. 
[0248] Alternatively, compounds of the present invention 
can be prepared as shoWn in Scheme 2. In Scheme 2, the 
bromo compound of formula (3) can be treated With hex 
amethylditin in a solvent such as benZene using a catalyst 
such as tetrakis(triphenylphosphine) palladium (0) at re?ux 
temperatures to give the trimethyltin compound of formula 
(9). Stille coupling of the compound of formula (9) With the 
aryl bromide of formula (5) in the presence of tetrakis(triph 
enylphosphine) palladium (0) as catalyst in a solvent such as 
benZene gives the compound of formula (6), Which can be 
converted to compounds of the present invention as 
described for Scheme 1. 

[0249] In addition to the general methods of Schemes 1 
and 2, Which can be applied to the synthesis of all target 
compounds, there are other methods available for the syn 
thesis of compounds of the present invention containing 
more speci?c ring systems. For the preparation of com 
pounds of the present invention containing the 1H-pyrrolo 
[2,3-b]pyridine ring system, the method of Houlihan W. J ., 
Parrino V. A., Uike Y., J. Org. Chem, 1981;46:4511-4515 
can be employed as shoWn in Scheme 3. In Scheme 3, a key 
amide of formula (12) is prepared by reacting the acid of 
formula (10), Which is commercially available, With oxalyl 
chloride in a solvent such as THF With a catalyst such as 
DMF to give the corresponding acid chloride, Which is then 
coupled With 2-amino-3-methyl pyridine of formula (11) in 
a solvent such as toluene using a base such as sodium or 
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potassium carbonate at re?ux temperatures to give the amide 
of formula (12). Treatment of the amide of formula (12) With 
2 or 3 equivalents of a base such as n-BuLi or IDA in a 
solvent such as THF or diethyl ether at temperatures ranging 
from —20° C. to +25° C. gives the aryl heterocycle of 
formula (13), Which can be converted to sulfonamides, 
thioureas, N-aryl analogs, and reductive amination products 
according to the procedure described above for Scheme 1 to 
provide compounds of the present invention containing the 
1H-pyrrolo[2,3-b]pyridine ring system. 

[0250] In addition, compounds of the present invention 
containing the 1H-pyrrolo[3,2-b]pyridine ring system can be 
prepared using the method of Houlihan et al., by replacing 
2-amino-3-methyl pyridine of formula (11) With 3-amino 
2-methyl pyridine of formula (28) to give a compound of 
formula (30) as shoWn in Scheme 7. Acompound of formula 
(30) can be converted to sulfonamides, thioureas, N-aryl 
analogs, and reductive amination products according to the 
procedures described above for Scheme 1 to also provide 
compounds of the present invention containing the 1H-pyr 
rolo[3,2-b]pyridine ring system. 

[0251] Alternatively, compounds of the present invention 
containing the 1H-pyrrolo[2,3-b]pyridine ring system can be 
prepared utiliZing the method of Davis M. L., Wake?eld B. 
J., Wardell J. A., Tetrahedron, 1992;48:939-952 as shoWn in 
Scheme 4. In Scheme 4, deprotonation of 3-methylpyridine 
of formula (15) With a base such as LDA in a solvent such 
as THF or diethyl ether at temperatures ranging from —20° 
C. to 15° C., folloWed by reaction of the corresponding 
anion With the commercially available benZonitrile of for 
mula (14) gives an intermediate of formula (16), Which on 
treatment With additional base cycliZes to give a compound 
of formula (13). The compound of formula (13) can be 
converted to sulfonamides, thioureas, N-aryl analogs, and 
reductive amination products according to the procedures 
described above for Scheme 1 to provide compounds of the 
present invention containing the 1H-pyrrolo[2,3-b]pyridine 
ring system. 

[0252] In addition, compounds of the present invention 
containing the 1H-pyrrolo[2,3-b]pyraZine ring system can 
be prepared using the method of Wake?eld et al., by 
replacing 3-methylpyridine of formula (15) With 2-meth 
ylpyraZine of formula (31) to give a compound of formula 
(33) as shoWn in Scheme 8. Acompound of formula (33) can 
be converted to sulfonamides, thioureas, N-aryl analogs, and 
reductive amination products according to the procedures 
described above for Scheme 1 to provide compounds of the 
present invention containing the 1H-pyrrolo[2,3-b]pyraZine 
ring system. 

[0253] In addition, components of the present invention 
containing the 7H-pyrrolo[2,3-d]pyrimidine ring system can 
also be prepared using the method of Wake?eld et al. by 
replacing 3-methylpyridine of formula (15) With 5-meth 
ylpyrimidine of formula (34) to give a compound of formula 
(36) as shoWn in Scheme 9. Acompound of formula (36) can 
be converted to sulfonamides, thioureas, N-aryl analogs, and 
reductive amination products according to the procedures 
described above for Scheme 1 to provide compounds of the 
present invention containing the 7H-pyrrolo[2,3-d]pyrimi 
dine ring system. 

[0254] For preparation of compounds of the present inven 
tion containing the 1H-pyrrolo[2,3-c]pyridine ring system, 
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the method of Fisher M. H., SchWartkopf G., Jr., Hoff D. R., 
J. Med. Chem, 1972;15:1168-1171 can be employed as 
shown in Scheme 5. In Scheme 5, condensation of 3-ni 
tropicoline of formula (17) With the commercially available 
aldehyde of formula (18) in the presence of a base such as 
piperidine in a solvent such as methanol or ethanol gives the 
styrylpyridine of formula (19). The styrylpyridine of for 
mula (19) can be reductively cycliZed using triethyl phos 
phite in a solvent such as benZene at re?ux temperatures to 
yield a compound of formula (20). A compound of formula 
(20) can be converted to sulfonamides, thioureas, N-aryl 
analogs, and reductive amination products according to the 
procedures described above for Scheme 1 to provide com 
pounds of the present invention containing the 1H-pyrrolo 
[2,3-c]pyridine ring system. 
[0255] For preparation of compounds of the present inven 
tion containing the 1H-pyrrolo[3,2-c]pyridine ring system, 
another method of Fisher et al., Supra, 1972 can be 
employed as shoWn in Scheme 6. In Scheme 6, treatment of 
4chloro-3-methyl pyridine of formula (21) With an oxidiZing 
agent such as m-chloroperoxybenZoic acid in a solvent such 
as dichloromethane or 1,2-dichloroethane at temperatures 
ranging from —10° C. to 50° C. gives the corresponding 
N-oxide of formula (22). The N-oxide of formula (22) is 
condensed With an aldehyde of formula (18) in the same 
manner as described in Scheme 5 for the conversion of a 
compound of formula (18) to a compound of formula (19) to 
give compound of formula (23). The compound of formula 
(23) is then reacted With hydraZine in a solvent such as 
methanol or ethanol to give the hydraZino derivative of 
formula (24). Reaction of the hydraZino derivative of for 
mula (24) With aqueous sodium nitrite in an acid such as 
dilute (10%) hydrochloric acid at ambient temperatures 
gives the aZido compound of formula (25), Which is ther 
mally decomposed in a solvent such as toluene at re?ux 
temperatures to give the cycliZed product formula (26). 
Reduction of the nitro group and deoxygenation of the 
pyridine-N-oxide in the cycliZed product of formula (26) can 
be accomplished With Raney nickel and hydrogen gas in a 
solvent such as THF or DMF to give an amino compound of 
formula (27). An amino compound of formula (27) can be 
converted to sulfonamides, thioureas, N-aryl analogs, and 
reductive amination products according to the procedures 
described above for Scheme 1 to provide compounds of the 
present invention containing the 1H-pyrrolo[3,2c]pyridine 
ring system. 
[0256] Compounds of the present invention containing the 
tetrahydroindole ring system can be prepared as shoWn in 
Schemes 10 and 11. In Scheme 10, the method of Hippeli C., 
Zimmer R., Reissig H.-U., Liebigs Ann. Chem, 1990:469 
474 Was employed. In this method, treatment of the com 
mercially available ketone of formula (36) With a brominat 
ing agent such as N-bromosuccinimide in a solvent such as 
chloroform or carbon tetrachloride gives the bromo com 
pound of formula (37). Treatment of the bromo compound 
of formula (37) With hydroxylamine in an aqueous methanol 
or ethanol solution gives the ot-bromooxime of formula (38). 
Treatment of the ot-bromooxime of formula (38) With the 
silyl enol ether of formula (39) and a base such as sodium 
carbonate in a solvent such as chloroform or dichlo 
romethane at ambient temperatures gives the dihydro-1,2 
oxaZine of formula (40). Treatment of the dihydro-1,2 
oxaZine of formula (40) With molybdenum hexacarbonyl in 
acetonitrile at re?ux temperatures results in deoxygenation 
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and ring contraction to yield the tetrahydroindole of formula 
(41). The tetrahydroindole of formula (41) can be converted 
to sulfonamides, thioureas, N-aryl analogs, and reductive 
amination products according to the procedures described 
above for Scheme 1 to provide compounds of the present 
invention containing the tetrahydroindole ring system. 

[0257] Alternatively, compounds of the present invention 
containing the tetrahydroindole ring system can be prepared 
according to the method of Chiu P.-K., Sammes M. P., 
Tetrahedron, 1988;44:3531-3538 as shoWn in Scheme 11. In 
Scheme 11, the requisite 1,4-diketone of formula (43) can be 
prepared by a Stork alkylation of the enamine of formula 
(42) With the bromo compound of formula (37) in a solvent 
such as dioxane at re?ux temperatures. Paal-Knorr cycliZa 
tion of the 1,4-diketone of formula (43) With liquid ammonia 
yields the desired compound of formula (41). The compound 
of formula (41) can be converted to sulfonamides, thioureas, 
N-aryl analogs, and reductive amination products according 
to the procedures described above for Scheme 1 to provide 
compounds of the present invention containing the tetrahy 
droindole ring system. 

[0258] Further compounds of the invention With a fused 
imidaZole ring system, such as those of formula (A), can be 
made according to Scheme 12. Referring to Scheme 12, a 
diamino compound of formula (B) is condensed With an 
activated carboxylic acid compound of formula (C), such as 
an acid halide or an imidaZolide, to give the desired imidaZo 
compound of formula This condensation is a tWo-step 
process in Which an intermediate amide is formed Which 
then dehydrates to give the imidaZo compound of formula 
(D). These tWo steps can be done in one pot by re?uxing 
With phosphorous oxychloride. The nitro group of the imi 
daZo compound of formula (D) is reduced With an appro 
priate reagent such as Raney nickel With hydrogen gas or 
Zinc in acetic acid to give the aniline compound of formula 

The aniline compound of formula can be converted 
to a compound of formula (A), Wherein Q1, Q2, Q3, Q4, R4, 
R5, and R8 are as de?ned above for the compound of formula 
(A), according to procedures knoWn in the arts of organic 
and medicinal chemistries for the N-substitution of imidi 
aZole derivatives and the preparations of sulfonamides, 
thioureas, N-aryl analogs, reductive amination analogs, and 
the like described above for Scheme 1. 

[0259] An alternative to the above method for the prepa 
ration of a compound of formula (A) is illustrated in Scheme 
13, Wherein the imidaZole ring is synthesiZed last Here, an 
anilino-benZoate of formula is functionaliZed to incor 
porate the R8 group to provide an ester of formula The 
ester of formula (G) is then hydrolyZed, and the resulting 
corresponding carboxylic acid is activated With a carboxylic 
acid activating agent such as for example, NN‘-carbon 
yldimidaZole (CDI), N,N‘-dicyclohexylcarbodiimide 
(DCC), and Water soluble carbodiimides, and reacted With a 
di-amino compound of formula (1) under dehydrating con 
ditions to give the compound of formula (A) Wherein R5 is 
hydrogen. The compound of formula (A) Wherein R5 is 
hydrogen can be converted to a compound of formula (A) 
Wherein R5 is as de?ned above for a compound of formula 
(A) according to procedures knoWn in the arts of organic and 
medicinal chemistries for the N-substitution of imidaZole 
derivatives. 

[0260] Examples of a diamino compound of formula (B) 
include: 2,3-diaminopyridine, 3,4-diaminopyridine, 4,5-di 
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aminopyrimidine, 3,4-diaminopyridaZine, 4,5-diaminopy 
ridaZine, and 2,3-diaminopyraZine. 2,3-diaminopyridine, 
3,4diaminopyridine, and 4,5-diaminopyrimidine are from 
Aldrich Chemicals, Milwaukee, Wis., USA. Other diamino 
reagents are known in the literature. For example, 2,3 
diaminopyraZine can be obtained according to Sato Nobu 
hiro; MiZuno, Hajime. Studies of pyraZines. Part 33. Syn 
thesis of 2,3-diaminopyraZines via [1,2,5]thiadiaZolo[3,4-b] 
pyraZines., J. Chem. Res., Synop., 1997;7z250-251. 4,5 
DiaminopyridaZine are obtained according to Marcelis, 
Antonius T. M.; Tondijs, Hanna; Van der Plas, Henk C. 
Amination of 4-nitro- and 4-cyanopyridaZines by liquid 
ammonia/potassium permanganate. J. Heterocycl. Chem, 
1988;25(3):831-833 and 3,4-diaminopyridaZines are 
obtained according to Klinge D. E.; Van der Plas H. C. NMR 
studies on o-adducts of heterocyclic systems With nucleo 
philes. VII. Proton NMR investigations on o-adduct forma 
tion of pyridaZine, of pyridaZine l-oxide, and some of its 
derivatives With ammonia NeW substitution mechanism. 

Recl. Trav. Chim Pays-Bus, 1975;94(11):233-236. 
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[0261] wherein Q1, Q2, Q3, Q4, R4, R5, and R8 are as 
de?ned above for formula 

Schemeli 
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wherein Q1, Q2, Q3> Q4, R4, R5, and Ra are as 
de?ned above for formula 

[0263] The invention also includes disclosed compounds 
having one or more functional groups (e.g., hydroXyl, 
amino, or carboXyl) Which may be masked by a protecting 
group so as to avoid unWanted side reactions. Some of these 
masked or protected compounds are pharmaceutically 
acceptable; others Will be useful as intermediates. Protecting 
groups such as for example, those for hydroXy, amino, and 
carboXy groups are Well-knoWn to those skilled in the art of 
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synthetic organic chemistry. The use of protecting groups is 
fully described by Greene and Wuts in “Protecting Groups 
in Organic Synthesis” (John Wiley & Sons Press, 2nd ed.). 
Examples of suitable protecting groups are provided beloW. 

[0264] HydroXyl Protecting Groups 

[0265] HydroXyl protecting groups include: ethers, esters, 
and protection for 1,2- and 1,3-diols. The ether protecting 
groups include: methyl ether, substituted methyl ethers 
including allyl, cyclic ethers, and cyclic thioethers, substi 
tuted ethyl ethers, benZyl ether, substituted benZyl ethers, 
substituted aryl ethers, and silyl ethers. Silyl ethers can be 
converted to other functional groups. 

[0266] Substituted Methyl Ethers 

[0267] Substituted methyl ethers include: methoXymethyl, 
methylthiomethyl, t-butylthiomethyl, (phenyldimethylsilyl) 
methoXymethyl, benZyloXymethyl, p-ethoXybenZyloXym 
ethyl, (4-methoXyphenoXy) methyl, guaiacolmethyl, t-bu 
toXymethyl, 4pentenyloXymethyl, siloXymethyl, 2-meth 
oXyethoXymethyl, allyl, benZyl, 2,2,2 
trichloroethoXymethyl, bis(2-chloro-ethoXy)methyl, 
2-(trimethylsilyl)ethoXymethyl, tetrahydropyranyl, 3-bro 
motetrahydro-pyranyl, tetrahydrothiopyranyl, l-methoxycy 
cloheXyl, 4-methoXytetrahydropyranyl, 4-methoXytetrahy 
drothiopyranyl, 4-methoXytetrahydrothiopyranyl S,S 
dioXido, 1-[(2-chloro4methyl)phenyl]4methoXypiperidin-4 
yl, 1,4-dioXan-2-yl, tetrahydrofuranyl, 
tetrahydrothiofuranyl, and 2,3,3a,4,5,6,7,7a-octahydro-7,8, 
8-trimethyl-4,7-ethanobenZo?ran-2-yl. 

[0268] Substituted Ethyl Ethers 

[0269] Substituted ethyl ethers include: l-ethoxyethyl, 
1-(2-chloroethoXy)ethyl, l-methyl-l-methoxyethyl, 1-me 
thyl-1-benZyloXyethyl, 1-methyl-1-benZyloXy-2-?uoroet 
hyl, 2,2,2-trichloroethyl, 2-trimethylsilylethyl, 2-(phenylse 
lenyl)ethyl, and t-butyl. 

[0270] Substituted Beneyl Ethers 

[0271] Substituted benZyl ethers include: p-methoXyben 
Zyl, 3,4-dimethoXybenZyl, o-nitrobenZyl, p-nitrobenZyl, 
p-halobenZyl, 2,6-dichlorobenZyl, p-cyanobenZyl, p-phenyl 
benZyl, 2- and 4-picolyl, 3-methyl-2-picolyl N-oXido, diphe 
nylmethyl, p,p‘-dinitrobenZhydryl, 5-dibenZosuberyl, triph 
enylmethyl, ot-naphthyldiphenylmethyl, 
p-methoXyphenyldiphenylmethyl, di(p-methoXyphe 
nyl)phenylmethyl, tri-(p-methoXyphenyl)methyl, 4-(4‘-bro 
mophenacyloXy)phenyldiphenylmethyl, 4,4‘,4“-tris(4,5 
dichlorophthalimidophenyl)methyl, 4,4‘,4“ - 
tris(levulinoyloXyphenyl)methyl, 4,4‘,4“ _ 
tris(benZoyloXyphenyl)methyl, 3-(imidaZol-1 - 
ylmethyl)bis(4‘,4“ -dimethoXyphenyl)-methyl, 1, 1-bis(4 
methoXyphenyl)-1‘-pyrenylmethyl, 9-anthryl, 9-(9-phenyl) 
Xanthenyl, 9-(9-phenyl-10-oXo) anthryl, 1,3-benZodithiolan 
2-yl, and benZisothiaZolyl S,S-dioXido. 

[0272] Substituted Aryl Ethers 

[0273] Substituted aryl ethers include p-chlorophenyl, 
p-methoXyphenyl, and 2,4-dinitrophenyl. 

[0274] Silyl Ethers 

[0275] Silyl ethers include: trimethylsilyl, triethylsilyl, 
triisopropylsilyl, dimethylisopropylsilyl, diethylisopropylsi 
lyl, dimethyltheXylsilyl, t-butyldimethylsilyl, t-butyldiphe 
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nylsilyl, tribenZylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphe 
nylmethylsilyl, and t-butylmethoxy-phenylsilyl. 

[0276] Esters 

[0277] Examples of protective esters of hydroxy groups 
include: formate, benZoylformate, acetate, chloroacetate, 
dichloroacetate, trichloroacetate, tri?uoroacetate, methoxy 
acetate, triphenylmethoxyacetate, phenoxyacetate, p-chlo 
rophenoxyacetate, p-p-phenylacetate, 3-phenylpropionate, 
4oxopentanoate (levulinate), 4,4-(ethylenedithio) pen 
tanoate, pivaloate, adamantoate, crotonate, 4-methoxycroto 
nate, benZoate, p-phenylbenZoate, and 2,4,6-trimethylben 
Zoate (mesitoate). 

[0278] Carbonates 

[0279] Carbonate protecting groups of hydroxy groups 
include: methyl carbonate, 9-?uorenylmethyl carbonate, 
ethyl carbonate, 2,2,2-trichloroethyl carbonate, 2-(trimeth 
ylsilyl) ethyl carbonate, 2-(phenylsulfonyl) ethyl carbonate, 
2-(triphenylphosphonio) ethyl carbonate, isobutyl carbon 
ate, vinyl carbonate, allyl carbonate, p-nitrophenyl carbon 
ate, benZyl carbonate, p-methoxybenZyl carbonate, 
3,4dimethoxybenZyl carbonate, o-nitrobenZyl carbonate, 
p-nitrobenZyl carbonate, S-benZyl thiocarbonate carbonate, 
4-ethoxy-1-naphthyl carbonate, and methyl dithiocarbonate. 

[0280] Assisted Cleavage 

[0281] Examples of assisted cleavage protecting groups 
include: 2-iodobenZoate, 4aZido-butyrate, 4-nitro-4-methyl 
pentanoate, o-(dibromomethyl) benZoate, 2-formylbenZene 
sulfonate, 2-(methylthiomethoxy) ethyl carbonate, 4-(meth 
ylthiomethoxymethyl) benZoate, and 
2-(methylthiomethoxymethyl) benZoate. Assisted cleavage 
protecting groups are groups that contain a second, remote 
functionality that is unreactive toWards the primary func 
tionality masking the group being protected, but Which can 
be converted to a functionality Which is reactive toWards the 
primary functionality masking the group being protected 
such that the deprotective cleavage reaction of the primary 
functionality is facilitated. 

[0282] Sulfonates 

[0283] Protective sulfates include: 
(mesylate), benZylsulfonate, and tosylate. 

Methanesulfonate 

[0284] Miscellaneous Protecting Groups 

[0285] In addition to the above classes, miscellaneous 
esters include: 2,6-dichloro-4-methylphenoxyacetate, 
2,6dichloro-4-(1,1,3,3-tetrarmethylbutyl) phenoxyacetate, 
2,4-bis(1,l-dimethylpropyl) phenoxyacetate, chlorodiphe 
nylacetate, isobutyrate, monosuccinoate, (E)-2-methyl-2 
butenoate (tigloate), o-(methoxycarbonyl) benZoate, p-P 
benZoate, ot-naphthoate, nitrate, alkyl N,N,N‘N‘ 
tetramethylphosphorodiamidate, N-phenylcarbamate, 
borate, sulfate, dimethylphosphinothioyl, and 2,4-dinitro 
phenylsulfenate. 

[0286] Protection for 1,2- and 1,3-Diols 

[0287] The protection for 1,2 and 1,3-diols group includes: 
cyclic acetals and ketals, cyclic ortho esters, and silyl 
derivatives. 
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[0288] Cyclic Acetals and Ketals 

[0289] Cyclic acetals and ketals include: methylene, eth 
ylidene, l-t-butylethylidene, l-phenylethylidene, (4methox 
yphenyl) ethylidene, 2,2,2-trichloroethylidene, acetonide 
(isopropylidene), cyclopentylidene, cyclohexylidene, cyclo 
heptylidene, benZylidene, p-methoxybenZylidene, 2,4 
dimethoxybenZylidene, 3,4-dimethoxybenZylidene, and 
2-nitrobenZylidene. 

[0290] Cyclic Orthio Esters 

[0291] Cyclic ortho esters include: methoxymethylene, 
ethoxymethylene, dimethoxymethylene, l-methoxyeth 
ylidene, l-ethoxyethylidine, 1,2-dimethoxyethylidene, 
ot-methoxybenZylidene, 1-(N,N-dimethylamino)ethylidene 
derivative, ot-(N,N-dimethylamino) benZylidene derivative, 
and 2-oxacyclopentylidene. 

[0292] Protection for the Carboxyl Group 

[0293] Esters 

[0294] Ester protecting groups include: esters, substituted 
methyl esters including cyclic esters, 2-substituted ethyl 
esters, benZyl, substituted benZyl esters, silyl esters, acti 
vated esters, miscellaneous derivatives, allyl, and stannyl 
esters. 

[0295] Substituted Methyl Esters 

[0296] Substituted methyl esters include: 9-?uorenylm 
ethyl, methoxymethyl, methylthiomethyl, tetrahydropyra 
nyl, tetrahydrofuranyl, methoxyethoxymethyl, 2-(trimethyl 
silyl)ethoxy-methyl, benZyloxymethyl, phenacyl, 
p-bromophenacyl, ot-methylphenacyl, p-methoxyphenacyl, 
carboxamidomethyl, and N-phthalimidomethyl. 

[0297] 2-Substituted Ethyl Esters 

[0298] 2-Substituted ethyl esters include: 2,2,2-trichloro 
ethyl, 2-bromoethyl, 2-chloroalkyl, 2-(trimethylsily)ethyl, 
2-methylthioethyl, 1,3-dithianyl-2-methyl, 2-(p-nitrophe 
nylsulfenyl)-ethyl, 2-(p-toluenesulfonyl)ethyl 2-(2‘-pyridyl 
)ethyl, 2-(diphenylphosphino)ethyl, 1-methyl-1-phenyl 
ethyl, t-butyl, cyclopentyl, cyclohexyl, 3-buten-1-yl, and 
4-(trimethylsilyl)-2-buten-1-yl. 
[0299] Substituted BenZyl Esters 

[0300] Substituted benZyl esters include: triphenylmethyl, 
diphenylmethyl, bis(o-nitrophenyl)methyl, 9-anthrylmethyl, 
2-(9,10-dioxo)anthrylmethyl, 5-dibenZo-suberyl, 1-pyrenyl 
methyl, 2-(tri?uoromethyl)-6-chromylmethyl, 2,4,6-trim 
ethylbenZyl, p-bromobenZyl, o-nitrobenZyl, p-nitrobenZyl, 
p-methoxybenZyl, 2,6dimethoxybenZyl, 4(methylsul?nyl 
)benZyl, 4-sulfobenZyl, piperonyl, and 4-P-benZyl. 

[0301] Silyl Esters 

[0302] Silyl esters include: trimethylsilyl, triethylsilyl, 
t-butyldimethylsilyl, i-propyldimethylsilyl, phenyldimethyl 
silyl, and di-t-butylmethylsilyl. 

[0303] Miscellaneous Derivatives 

[0304] Miscellaneous derivatives include: oxaZoles, 
2-alkyl-1,3-oxaZolines, 4-alkyl-5-oxo-1,3-oxaZolidines, 
5-alkyl4oxo-1,3-dioxolanes, ortho esters, phenyl group, and 
pentaaminocobalt(III) complex. Aryl esters include phenyl 
and p-(methylmercapto)-phenyl. Other esters include cin 
namyl and ot-methyl cinnamyl. 
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[0305] Stannyl Esters 

[0306] Examples of stannyl esters include: triethylstannyl 
and tri-n-butylstannyl. 

[0307] Amides and HydraZides 

[0308] Amides include: N,N-dimethyl, pyrrolidinyl, pip 
eridinyl, 5,6-dihydrophenanthridinyl, o-nitroanilides, N-7 
nitroindolyl, N-8-nitro-1,2,3,4tetrahydroquinolyl, and p-P 
benZenesulfonamides. HydraZides include: N-phenyl, N,N‘ 
diisopropyl and other dialkyl hydraZides. 

[0309] Protection for the Amino Group 

[0310] Carbamates 

[0311] Carbamates include: carbamates, substituted ethyl 
including cyclic substituted ethyl, assisted cleavage, pho 
tolytic cleavage, urea-type derivatives, and miscellaneous 
carbamates. 

[0312] Carbamates 

[0313] Carbamates include: methyl and ethyl, 9-?uorenyl 
methyl, 9-(2-sulfo)?uorenylmethyl, 9-(2,7-dibromo)?uore 
nylmethyl, 2,7-di-t-butyl-[9-(10,10-dioXo-10,10,10,10-tet 
rahydro-thioXanthyl)]methyl, and 4-methoXyphenacyl. 

[0314] Substituted Ethyl 

[0315] Substituted ethyl protective groups include: 2,2,2 
trichloroethyl, 2-trimethylsilylethyl, 2-phenylethyl, 1-(1 
adamantyl)-1-methylethyl, 1,1-dimethyl-2-haloethyl, 1,1 
dimethyl-2,2-dibromoethyl, 1,1-dimethyl-2 ,2, 
trichloroethyl, 1-methyl-1-(4biphenylyl)ethyl, 1-(3,5-di-t 
butylphenyl)-1-methylethyl, 2-(2‘- and 4‘-pyridyl)ethyl, 
2-(N,N-icycloheXylcarboXamido)-ethyl, t-butyl, and 1-ada 
mantyl. 

[0316] Miscellaneous groups include: vinyl, allyl, 1-iso 
propylallyl, connamyl, 4-nitrocinnamyl, quinolyl, N-hy 
droXypiperidinyl, alkyldithio, benZyl, p-methoXybenZyl, 
p-nitrobenZyl, p-bromobenZyl, p-chlorobenZyl, 2,4-dichlo 
robenZyl, 4methylsul?nylbenZyl, 9-anthrylmethyl, and 
diphenylmethyl. 

[0317] Assisted Cleavage 

[0318] Protection via assisted cleavage includes: 2-meth 
ylthioethyl, 2-methylsulfonylethyl, 2-(p-toluenesulfonyl 
)ethyl, [2(1,3-dithianyl)]methyl, 4methylthiophenyl, 2,4 
dimethyl-thiophenyl, 2-phosphonioethyl, 
2-triphenylphosphonioisopropyll,1-dimethyl-2-cyanoethyl, 
m-chloro-p-acyloXybenZyl, p-(dihydroXyboryl)benZyl, 
5-benZisoXaZolyl-methyl, and 2-(tri?uoromethyl)-6 
chromonylmethyl. The above de?nition of assisted cleavage 
protecting groups is hereby incorporated by reference. 

[0319] Photolytic Cleavage 

[0320] Photolytic cleavage methods use groups such as: 
m-nitrophenyl, 3,5-dimethoXybenZyl, o-nitrobenZyl, 
3,4dimethoXy-6nitrobenZyl, and phenyl(o-nitrophenyl)m 
ethyl. 

[0321] Urea-Type Derivatives 

[0322] Examples of urea-type derivatives include: phe 
nothiaZinyl-(10)-carbonyl derivative, N‘-p-toluenesulfony 
laminocarbonyl, and N‘-phenylaminothiocarbonyl. 

J an. 22, 2004 

[0323] Miscellaneous Carbamates 

[0324] In addition to the above, miscellaneous carbamates 
include: t-amyl, S-benZyl thiocarbamate, p-cyanobenZyl, 
cyclobutyl, cycloheXyl, cyclopentyl, cyclopropylmethyl, 
p-decyloXy-benZyl, diisopropylmethyl, 2,2dimethoXycarbo 
nylvinyl, o-(N,N-dimethyl-carboXamido)-benZyl, 1,1dim 
ethyl—3(N,N-dimethylcarboXamido)propyl, 1,1-dimethyl 
propynyl, di(2-pyridyl)methyl, 2-furanylmethyl, 
2-iodoethyl, isobornyl, isobutyl, isonicotinyl, p(p‘-methoX 
yphenylaZo)benZyl, l-methylcyclobutyl, l-methylcyclo 
heXyl, 1-methyl-1-cyclopropylmethyl, 1-methyl-(3,5 
dimethoXyphenyl)ethyl, 1-methyl-1(p-henylaZophenyl) 
ethyl, 1-methyl-1-phenylethyl, 1-methyl-1-(4-pyridyl)ethyl, 
phenyl, p-(phenylaZo)benZyl, 2,4,6tri-t-butylphenyl, 4(trim 
ethylammonium)benZyl, and 2,4,6-trimethylbenZyl. 

[0325] Amides 

[0326] Amides 

[0327] Amides include: N-formyl, N-acetyl, N-chloro 
acetyl, N-trichloroacetyl, N-tri?uoroacetyl, N-phenylacetyl, 
N-3-phenylpropionyl, N-picolinoyl, N-3-pyridyl-carboXam 
ide, N-benZoylphenylalanyl derivative, N-benZoyl, and N-p 
phenylbenZoyl. 

[0328] Assisted Cleavage 

[0329] Assisted cleavage groups include: N-o-nitropheny 
lacetyl, N-o-nitrophenoXyacetyl, N-acetoacetyl (N‘ 
dithiobenZyloXycarbonylamino)acetyl, N-3-(p-hydroXphe 
nyl)propionyl, N-3-(o-nitrophenyl)propionyl, N-2-methyl 
2-(o-nitrophenoXy)propionyl, N-2-methyl-2-(o 
phenylaZophenoXy)propionyl, N-4-chlorobutyryl, N-3 
methyl-3-nitrobutyryl, N-o-nitrocinnamoyl, 
N-acetylmethionine derivative, N-o-nitrobenZoyl, N-o-(ben 
ZoyloXymethyl)benZoyl, and 4,5-diphenyl-3-oXaZolin-2 
one. The above de?nition of assisted cleavage protecting 
groups is hereby incorporated by reference. 

[0330] Cyclic Imide Derivatives 

[0331] Cyclic imide derivatives include: N-phthalimide, 
N-dithiasuccinoyl, N-2,3-diphenyl-maleoyl, N-2,5-dimeth 
ylpyrrolyl, N-l,1,4,4tetramethyldisilylaZacyclopentane 
adduct, S-substituted 1,3-dimethyl-1,3,5-triaZacycloheXan 
2-one, S-substituted 1,3-dibenZyl-1,3,5-triaZacycloheXan-2 
one, and l-substituted 3,5 dinitro-4-pyridonyl. 

[0332] Special —NH Protective Groups 

[0333] Protective groups for —NH include: N-alkyl and 
N-aryl amines, imine derivatives, enamine derivatives, and 
N-heteroatom derivatives (such as N-metal, N—N, N—P, 
N—Si, and N—S), N-sulfenyl, and N-sulfonyl. 

[0334] N-Alkyl and N-Aryl Amines 

[0335] N-alkyl and N-aryl amines include: N-methyl, 
N-allyl, N-[2-(trimethylsilyl)ethoXyl]-methyl, N-3-acetoX 
ypropyl, N-(1-isopropyl4-nitro 2-oXo-3-pyrrolin-3-yl), qua 
ternary ammonium salts, N-benZyl, 
N-di(4methoXyphenyl)methyl, N-S-dibenzosuberyl, 
N-triphenylmethyl, N-(4methoXyphenyl)diphenylmethyl, 
N-9-phenyl?uorenyl, N-2,7-dichloro-9-?uorenylmethylene, 
N-ferrocenylmethyl, and N-2-picolylamine N‘-oXide. 
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[0336] Imine Derivatives 

[0337] Imine derivatives include: N-1,1-dimethylthiom 
ethylene, N-benZylidene, N-p-methoxybenZylidene, 
N-diphenylmethylene, N-[(2-pyridyl)mesityl]methylene, 
N-(N‘,N‘,-dimethylaminomethylene), N,N‘-isopropylidene, 
N-p-nitrobenZylidene, N-salicylidene, N-5-chlorosali 
cylidene, N-(5-chloro-2-hydroxyphenyl)-phenylmethylene, 
and N-cyclohexylidene. 

[0338] Enamine Derivative 

[0339] An example of an enamine derivative is N-(5,5 
dimethyl-3-oxo-1-cyclohexenyl). 
[0340] N-Hetero Atom Derivatives 

[0341] N-metal derivatives include: N-borane derivatives, 
N-diphenylborinic acid derivative, N-[phenyl(pentacarbon 
ylchromium- or -tungsten)]carbenyl, and N-copper or 
N-Zinc chelate. Examples of N—N derivatives include: 
N-nitro, N-nitroso, and N-oxide. Examples of N—P deriva 
tives include: N-diphenylphosphinyl, N-dimethylthiophos 
phinyl, N-diphenylthiophosphinyl, N-dialkyl phosphoryl, 
N-dibenZyl phosphoryl, and N-diphenyl phosphoryl. 
Examples of N-sulfenyl derivatives include: N-benZene 
sulfenyl, N-o-nitrobenZenesulfenyl, N-2,4dinitrobenZene 
sulfenyl, N-pentachlorobenZenesulfenyl, N-2-nitro4-meth 
oxy-benZenesulfenyl, N-triphenylmethylsulfenyl, and N-3 
nitropyridinesulfenyl. N-sulfonyl derivatives include: N-p 
toluenesulfonyl, N-benZenesulfonyl, N-2,3,6-trimethyl-4 
methoxybenZenesulfonyl, N-2,4,6 
trimethoxybenZenesulfonyl, N-2,6dimethyl-4-methoxy 
benZenesulfonyl, N-pentamethylbenZenesulfonyl, N-2,3,5, 
6-tetramethyl-4-methoxybenZene-sulfonyl, 
N4-methoxybenZenesulfonyl, N-2,4,6-trimethylbenZene 
sulfonyl, N-2,6-dimethoxy4-methylbenZenesulfonyl, N-2,2, 
5,7,8-pentamethylchroman-6-sulfonyl, N-methanesulfonyl, 
N-[3-trimethylsilylethanesulfonyl, N-9-anthracenesulfonyl, 
N-4-(4‘,8‘-dimethoxynaphthyl-methyl)benZenesulfonyl, 
N-benZylsulfonyl, N-tri?uoromethylsulfonyl, and N-phena 
cyl-sulfonyl. 
[0342] Disclosed compounds Which are masked or pro 
tected may be prodrugs, compounds metaboliZed or other 
Wise transformed in vivo to yield a disclosed compound, 
e.g., transiently during metabolism. This transformation 
may be a hydrolysis or oxidation Which results from contact 
With a bodily ?uid such as blood, or the action of acids, or 
liver, gastrointestinal, or other enZymes. 

[0343] The invention is further described in the Working 
examples described beloW. The examples are provided for 
illustration only, and are not to be construed as limiting the 
invention in any respect. 

D. EXAMPLES 

[0344] Examples of the preparation of compounds of the 
present invention and of assays useful in characterizing the 
biological effects of said compounds are described beloW. 

Chemical Example 1 

Synthesis of 5-(3H-imidaZo[4,5-b]pyridin-2-yl)-2 
methoxy-phenylamine 

[0345] Step (a): Synthesis of 5-(3H-imidaZo[4,5-b]pyri 
din-2-yl)-2-methoxy-nitrobenZene 
[0346] 2,3-Diaminopyridine (10 g, 91.6 mmol) and 18.07 
g of 4-methoxy-3-nitro benZoic acid Were mixed together, 
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and the mixture Was added in portions to 200 mL of 
phosphorous oxychloride at. room temperature. The result 
ing mixture Was heated to re?ux for 4 hours, and then cooled 
to room temperature and alloWed to stir overnight. The 
reaction Was rotary evaporated in vacuo, and the residue Was 
carefully quenched With saturated sodium bicarbonate solu 
tion, ?ltered, and dried on the vacuum ?lter overnight to give 
a broWn solid. The solid Was Washed With several fractions 
of ethyl acetate to yield 21.36 g of 5-(3H-imidaZo[4,5-b] 
pyridin-2-yl)-2-methoxy-nitrobenZene as a dark broWn solid 
that Was used Without further puri?cation. 1H-NMR 
(DMSO-d?); 6 8.71 (d, 1H), 8.48 (dd, 1H), 8.31 (dd, 1H), 
7.99 (d, 1H), 7.58 (d, 1H), 7.23 (dd, 1H), 4.00 (s, 3H) ppm. 
[0347] Step (b): Synthesis of 5-(3H-imidaZo[4,5-b]pyri 
din-2-yl)-2-methoxy-phenylamine 
[0348] 5-(3H-ImidaZo[4,5-b]pyridin-2-yl)-2-methoxy-ni 
trobenZene (7.0 g, 26 mmol) Was dissolved in 200 mL acetic 
acid, and Zinc poWder (35 g, 535 mmol) Was added in 
portions. The Zinc Was added at such a rate as to keep the 
temperature of the reaction mixture under 40° C. After 
complete addition, the reaction mixture Was stired for 3 
hours and ?ltered to give solid. The solids Wee Washed With 
Water and acetic acid. The ?ltrate Was rotary evaporated in 
vacuo, and the residue Was partitioned betWeen 1 M NaOH 
and chloroform. The aqueous layer Was extracted several 
times With chloroform, and the combined organic layers 
Were dried over magnesium sulfate, ?ltered, and rotary 
evaporated to give 0.71 g of 5-(3H-imidaZo[4,5-b]pyridin 
2-yl)-2-methoxy-phenylamine as a tan solid. 1H-NMR 

(CDCl3): 6 8.06 (dd, 1H), 7.66 (dd, 1H), 7.41 (s, 1H), 7.35 
(dd, 1H), 6.91 (dd, 1H), 6.64 (d, 1H), 3.67 (s, 3H) ppm. Anal. 
(C13H12N4O1) C,H,N values Were Within 0.4% of the theo 
retical values. 

Chemical Example 2 

Synthesis of Thiophene-2-sulfonic Acid [5-(3H 
imidaZo[4,5-b]pyridin-2-yl)-2-methoxy-phenyl] 

amide 

[0349] 5-(3H-ImidaZo[4,5-b]pyridin-2-yl)-2-methoxy 
phenylarnine (0.5 g, 2.1 mmol prepared as described above 
in Chemical Example 1) Was dissolved in 15 mL pyridine at 
room temperature. Solid thiophene 2-sulfonyl chloride (0.38 
g, 2.1 mmol) Was added and the resulting blood red solution 
Was stirred overnight The reaction mixture Was poured into 
250 mL Water, stirred for 30 minutes, and ?ltered to give a 
pink solid. The solid Was recrystalliZed from ethyl acetate 
after treatment With decoloriZing charcoal to give 0.16 g of 
thiophene-2-sulfonic acid [5-(3H-imidaZo[4,5-b]pyridin-2 
yl)-2-methoxy-phenyl]-amide as an off-White solid; mp 252 
254° C. 1H-NMR (DMSO-d?): 6 13.26 (d, 1H), 9.85 (bs, 
1H), 8.27 (m, 2H), 8.02 (m, 2H), 7.87 (d, 1H), 7.43 (d, 1H), 
7.16 (m, 3H), 3.59 (s, 3H) ppm. Anal. (C17H14N4O3S2) 
C,H,N values Were Within 0.4% of theoretical values. 

Biological Example 1 

Rabbit Reticulocyte 15-LO Assay (h15LO) 

[0350] The h15LO assay measures inhibition of 15-LO 
catalyZed oxidation of linoleic acid to the hydroperoxy fatty 
acid 13-(S)HPODE, a conjugated diene. In the h15LO assay, 
a test compound is incubated With 15-LO enZyme in the 
presence of the linoleic acid substrate. For example, 2 units 
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(U) of rabbit reticulocyte 15-LO and 174 uM linoleic acid 
are incubated With a known amount of a test compound for 
15 minutes at 4° C. The total reaction volume is 100 uL in 
phosphate buffered saline (PBS) containing 0.2% sodium 
cholate. The reaction is stopped With 100 uL of mobile phase 
and 10 ML of triethyl phosphite. 13-(S)HPODE is reduced 
With triethyl phosphite to the more stable 13-hydroxyocta 
decadienoate (13-HODE), Which prevents arti?cial, nonen 
Zymatic lipidperoxidation and product breakdoWn in the 
sample. 13-HPODE is quantitated by comparing peak areas 
of individual samples With those from a standard curve 
generated using authentic 13-HODE. The test reaction is 
compared to a control reaction, Which is identical to the test 
reaction except no test compound is present. Percent inhi 
bition is calculated as the amount of 13-HODE produced in 
the test reaction divided by the amount of 13-HODE pro 
duced in the control reaction, expressed as a percent 

[0351] 15-LO is obtained from phenylhydraZine-treated 
rabbits and puri?ed according to the method of Rapoport 
(Rapoport et al., European Journal of Biochemistry, 
1979;96:545-561). 

Biological Example 2 

Monocyte Recruitment 

[0352] The recruitment or chemotaxis of monocytes is 
assayed by methods Well-knoWn to those skilled in the art. 
In particular, the method set forth in J. Clin. Invest, 
1988;82:1853-1863, Which is hereby incorporated by refer 
ence, can be used. 

Biological Example 3 

Collagen-Induced Arthritis in Mice 

[0353] Type II collagen-induced arthritis (CIA) in mice is 
an experimental model of arthritis that has a number of 
pathologic, immunologic, and genetic features in common 
With rheumatoid arthritis. Type II collagen (CII) is a major 
component of joint cartilage. The disease CIA is induced by 
immuniZation of DBA/1 mice With 100 pig of type II 
collagen delivered intradermally in Freund’s complete adju 
vant. Disease susceptibility in this model is regulated by the 
Class II MHC gene locus, Which is analogous to the knoWn 
association of rheumatoid arthritis With the HLA-DR4 gene 
locus. 

[0354] Aprogressive and in?ammnatory arthritis develops 
in the majority of the immuniZed mice, characteriZed by paW 
Width increases of up to 100%. A test compound is admin 
istered to mice in a range of amounts, such as 20, 60, 100, 
and 200 mg of test compound per kilogram of body Weight 
per day. The duration of the test can be several Weeks to a 
feW months, such as 40, 60, or 80 days. A clinical scoring 
index is used to assess disease progression independently in 
each paW from Stage 1, erythema and edema (score=1), to 
Stage 2, joint distortion (score=2), to Stage 3, joint ankylosis 
(score=3). The disease CIA is variable in that it can affect 
one or all paWs in an animal, resulting in a total possible 
score of 12 for each mouse. Histopathology of an arthritic 
joint reveals synovitis, pannus formation, and cartilage and 
bone erosions. All mouse strains that are susceptible to CIA 
are high antibody responders to type II collagen, and exhibit 
a marked cellular response to CII. 
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Biological Example 4 

SCW-Induced Monoarticular Arthritis 

[0355] Arthritis is induced as described by SchWab et al., 
Infection and Immunity, 1991;59:4436-4442, Which is 
hereby incorporated by reference, With minor modi?cations. 
Rats receive 6 pg of sonicated streptococcal cell Wall (SCW) 
particles (in 10 ML Dulbecco’s PBS [DPBS]) by an intraar 
ticular injection into the right tibiotalar joint on Day 0. On 
Day 21, the DTH is initiated With 100 pig of SCW (250 ML) 
administered IV. For oral compound studies, compounds are 
suspended in vehicle (0.5% hydroxypropyl-methylcellulose/ 
0.2% TWeen 80), sonicated, and administered tWice daily 
(10 mL/kg volume) beginning 1 hour prior to reactivation 
With SCW. Compounds are administered in amounts 
betWeen 10 and 500 mg/kg body Weight/day, such as 20, 30, 
60, 100, 200, and 300 mg/kg/day. Edema measurements are 
obtained by determining the baseline volumes of the sensi 
tiZed hindpaW before reactivation on Day 21, and comparing 
them With volumes at subsequent time points such as Day 
22, 23, 24, and 25. PaW volume is determined by mercury 
plethysmography. 

Biological Example 5 

Murine Ovalbumin-Induced Eosinophilia 

[0356] The murine ovalbumin-induced eosinophiha assay 
measures the increase of eosinophil cells in lungs and upper 
airWays in animals administered a compound of the present 
invention versus control animals administered only vehicle. 
In this assay, female C57BL/6 mice are obtained from the 
Jackson Laboratory (Bar Harbor, Me.). All animals are given 
food and Water ad libitum. Mice are sensitiZed With a single 
IP injection of ovalbumin (OVA) (Grade V, Sigma Chemical 
Company, St Louis, Mo.) adsorbed to aluminum potassium 
sulfate (alum), (10 pig OVA+9 mg alum in 200 uL saline), or 
vehicle control (9 mg alum in 200 uL saline) on Day 0. On 
Day 14, the mice are challenged With a 12-minute inhalation 
of an aerosol consisting of 1.5% OVA (Weight/volume) in 
saline produced by a nebuliZer (small particle generator, 
model SPAG-2; ICN Pharmaceuticals, Costa Mesa, Calif.). 
Groups of eight mice are dosed With oral vehicle (0.5% 
hydroxypropylmethylcellulose/0.25% polyoxethylene-sor 
bitan monooleate [TWEEN-80]), or a test compound at 10, 
30, or 100 mg/kg in oral vehicle, 200 uL per mouse PO. 
Dosing is performed once per day starting on Day 7 or 13, 
and extending through Day 16. 

[0357] For determination of pulmonary eosinophilia, 3 
days after the ?rst OVA aerosol challenge (Day 17), the mice 
are anesthetiZed With an IP injection of anesthetic (Ket 
amine/AcepromaZine/XylaZine), and the tracheae is exposed 
and cannulated. The lungs and upper airWays are lavaged 
tWice With 0.5 mL of cold PBS. A portion (200 ML) of the 
bronchoalveolar lavage (BAL) ?uid is enumerated using a 
Coulter counter Model ZB1 (Coulter Electronics, Hialeah, 
Fla.). The remaining BAL ?uid is then centrifuged at 300x 
g for 5 minutes, and the cells are resuspended in 1 mL of 
Hank’s Balanced salts (HBSS) (Gibco BRL) containing 
0.5% fetal calf serum (HyClone) and 10 mM N-2-hydroxy 
ethylpiperaZine-N‘-2-ethanesulfonic acid (HEPES) (Gibco 
BRL). The cell suspension is centrifuged in a cytospin 
(Shandon Southern lnsments, SeWickley, Pa.) and stained by 
Diff Quick (American Scienti?c Products, McGraW Park, 


















